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The occurrence of a transitory glyeosuria in diphtheria has been noted 
by only a  few observers.  Sanng t  in his monograph on diphtheria says: 
"The  analyses made by Fouris  to  determine the  presence  of  sugar  (in 
the  urine)  have  given  only negative  results."  Dickinson$  reports:  "I 
have examined many cases of croup in  which the breathing  has reached 
the  extreme of difficulty without finding a  trace  of sugar  in the urine, 
with  one  exception--a  girl  seven  years  old."  Simon§  in  his  Clinical 
Diagnosis  speaks  of  transitory  glycosuria in  diphtheria.  In  a  personal 
letter  Dr.  Simon  says:  "A  few years  ago  while  examining  a  series  of 
urines  with the  phenylhydrazin test I  accidentally came  across  a  urine 
from a  case of diphtheria  in  which  the  osazon needles  were present  in 
fairly  large  numbers.  Two  years  ago  I  had  occasion  to  examine  the 
urine  of thirty-two  cases  of  diphtheria,  all  of  which  were  of moderate 
severity.  A  positive reaction was  obtained with  the  phenylhydrazin in 
four.  Three  of  these  four  were  treated  with  antitoxin.  The  amount 
of sugar in  each case was small  and  persisted, if I  remember,  only one 
to  two  days."  A  Rumbold!l  remarks  that  in  diphtheria  during  con- 
va]escenee glycosuria has  been demonstrated on rare occasions, but gives 
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no  reference  and  no  observations.  Coleman*  speaks  of  a  transitory 
glyeosuria in  diphtheria. 
Paul  Binet~  found  in  diphtheria  a  positive reaction  with  the  phenyl- 
hydrazin test in 29  out of 70 eases.  Dividing these into mild and severe 
forms, there were 32 of the former with only 2  positive reactions,  while 
of the  38 severe cases there were 27 with positive result.  Of 19  eases of 
laryngeal diphtheria  11  showed the characteristic  osazon crystals.  With 
Fehling's test  37  of the  70 eases gave a green or a  greenish-yellow reac- 
tion.  The glycosuria was frequently  associated  with  albuminuria. 
The  following  observations  are  the  result  o£  about  one  thousand 
analyses of the  urine  for sugar by Fehling's  test from diphtheria  pa- 
tients  of  the  South  Department  of  the  Boston  City  Hospital  from 
October 1, ]897, to January 1, 1898.  Specimens o~ urine were exam- 
ined  from  all  old  patients  in  the  wards  and  from  new  ones  as  they 
were  admitted.  The  analyses  were  made  every  three  to  five  days. 
A  daily  test  was  usually  made  in  those  cases  that  showed  a  positive 
reaction or were very sick. 
TEs~s.--.Fehlin~s:  7  ce. of the  mixed  solution  were  boiled  in  a  test 
tube and to this 4  cc. of  cold urine  were added.  If the urine  contained 
albumin,  this was first separated  by heat and filtration.  The urine  and 
Fehling's solution  were  well  shaken  and allowed to stand  until  the  next 
day  without  further  heating.  The  presence  of  a  yellowish  precipitate 
in the bottom of the tube was considered as a  positive reaction.  In any 
instance  where  there  was  any  question  as  to  the  result  of  the  reaction 
it was called negative. 
Most  of  the  positive  res~lts  with  Fehling's  method  were  confirmed 
by the phenylhydrazfn test, which was performed in these observations in 
the  following manner:$  To  7  ce.  of filtered  urine,  free  from a]bumin, 
3  or  4  drops  of  phenylhydrazin  and  the  same  quantity  of  50  per  cent 
acetic  acid  were  added.  The  mixture,  after  being  well  shaken  in  a 
test tube and  kept in a  wa~er bath for at least one hour,  was allowed to 
settle  until  the next  day.  The  brownish  sediment was examined  under 
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the microscope  and the presence  of the characteristic phenylglucosazon 
crystals made a positive  reaction.* 
In  the  following  analyses  only  those  cases  that  gave  a  positive 
result both by Fehling's and  by the  phenylhydrazin tests were  con- 
sidered as instances of glycosuria.  Doubtless many of the urines, not 
in  the  table,  which  reduced  the  copper  solution  contained  glucose, 
but  for various  reasons  the  phenylhydrazin test  was  not  applied to 
some of them• 
Table  I  gives the  results of Fehling's tests in  930  cases  of diph- 
theria, in all of which the Klebs-Loeffier bacillus was found•  Some 
of these patients were well along in convalescence; other urines were 
examined only once  or t.wiee.  The cases  are  classified  according to 
the presence or absence of pseudo-membrane and its location• 
TABLE  I.--RESULTS  OF  FEtILINO'S  TEST. 
RECOVERED, 
No membrane ........  I  ~  0 
Membrane  on tonsils..  )  98  8 
In nose ..............  I  5  2 
In  larynx  ............  /  11  2 
Tonsils and nose ......  I  45  12 
Tonsils  and larynx ....  ]  19  10 
Nose  and larynx .....  j  5  3 
Tonsils,nose  and larynx i  3  2 
Total  ............  I, 
.  DIED. 
°°°  j°°° 
o  0 
8  3  1  33 
40  0  0 
19  2  2  100 
27  6  5  83 
53  5  4  80 
60  1  1  100 
66  4  4  100 
19  ~2  17  77 
$ 
23 
101 
5 
13 
51 
24 
6 
7 
230 
TOTAL. 
oo 
o~ 
o~ 
0 
9 
$ 
4 
17 
14 
4 
6 
56 
09~ 
0 
9 
4o 
31 
33 
58 
67 
86 
25 
It is  seen that in the cases  without false  membrane there was no 
positive reaction, and that, in  general,  the more extensive the  mem- 
brane, the more frequently a positive reaction was found.  A reaction 
was noted in 19 per cent of the recoveries, in 77 per cent of the fatal 
cases  and in 25  per cent of all the cases. 
In a  second series  o~  96  cases  the positive reactions by Fehling's 
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method were  confirmed by the phenylhydrazin test.  These  analyses 
were b%a'un  during the first week of the patient's stay in the hospital, 
and were followed for at least a  fortnight by as many as three exam- 
inations.  In other words, those eases of Table I  are omitted in which 
a reaction by Fehling's test was not confirmed by phenylhydrazin, and 
also those not examined within the first week of the illness. 
TABLE  II.--RESULTS  OF  ~EHLING~S  AND  T~IE  PHENYLI~YDRAZIN  TE$TS. 
EECOVlgRED.  DIED.  TOTAL, 
No  membrane  .........  ~  10 
Membrane  on  tonsils..[  37 
In  nose ..............  i  "~ 
In  larynx  ............  4 
Tonsils  and  nose ......  21 
Tonsils  and  larynx  ....  9 
Nose  and  larnyx  ......  [  3 
Tonsils,nose  and larynx]  1 
Total  ............  I  87 
i 
o 
6 
1 
2 
8 
5 
3 
o 
!  25 
.0  0  0 
16  o~  1 
50  0  0 
50  1  1 
38  9  2 
55  1  1 
10.0  1  1 
0  2 
TI-V- 
......  lO  o 
50  I  3.q  /  7 
.....  '2  [  1 
/ 
100  5  /  8 
loo  I  2~  t  1.0 
100  10  ]  6 
100  4  [  4 
100  8  [  2 
- -JT  1  -- 
tm~ 
o 
18 
50 
60 
44 
60 
lOO 
66 
34 
Table II  shows,  in  an even more  marked degree,  the  same results 
as those in Table I, and also that a transitory glyeosuria, of at least as 
much  as  0.5  gramme  of glucose  to  the litre  of urine, a  is not  at  all 
uncommon in the course of diphtheria.  There were 15  cases which 
gave  a  positive  Fehling's  reaction  that  are  omitted  from  Table  II, 
as  a  phenylhydrazin test  for some  reason  was  not  made;  so that  the 
percentage  given  is  doubtless  too  low.  The  greater  the  surface  in- 
volved by the diphtheritic process the greater the frequency of sugar. 
Again,  a  glycosuria is three times as common in the fatal eases as in 
those that recover. 
The time at which Fehling's test was first positive varied from the 
second  to  the  eighteenth  day.  In  35  eases  a  positive  reaction  was 
found on the first analysis, and in 21  on the second, or on some subse- 
F.  D.  Beane.  The  comparative  clinical  value  of  several  tests  for  glucose 
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quent  examination.  In two cases five negative results were obtained 
before a  positive one.  In  the 44 positive  cases that  were tested by 
Fehling's  solution  within  the  first week  of  the  illness,  the  reaction 
was  found  within  that  time  in  all  but  8,  and  in  the latter  it  was 
obtained  during  the  second week.  In  one instance  after  a  reaction 
had appeared on the eighth day it was followed by six negative results, 
and  then  on  the  twenty-tlrst  day  by another  positive  reaction,  con- 
firmed  by the  phenylhydrazin  test.  In  another  case  after  a  glyco- 
suria  had  been  shown  with  Fehling~s  solution,  and  again  on  the 
seventh  and  fourteenth  days three negative results  followed;  a  posi- 
tive result appeared on the twenty-second and twenty-sixth days,  and 
a negative on the twenty-eighth day. 
The  duration  of  the  glycosuria  varied  from  one  day  to  several 
weeks.  Seven  patients  left  the  hospital  with  sugar  still  present  in 
the  urine.  In  a  case  of  unresolved  pneumonia,  following  a  triple 
attack of laryngeal  diphtheria  that  had  been  in  the hospital  for five 
months,  glyeosuria wa's  found  on  ten  successive analyses  during the 
sixth month of the illness. 
An immediate reaction with Fehling's test occurred 16 times in the 
56 positive cases.  In the others  the  reaction was seen at the end of 
24 hours.  In three  cases the immediate  reaction was observed from 
one to three  days after  one that  appeared only at  the end of a  day. 
There  were  three  quantitative  estimations  with  FeMingZs  solution, 
with the  following results:  1.5,  5,  and  3.3  per cent,  the first two of 
these  being  in  fatal  cases.  Of  the  16  patients  with  an  immediate 
reaction eight or 50 per cent died.  It would thus seem that an imme- 
diate reaction with Fehling's test is of serious prognostic import, more 
so than the presence of albumin in the urine of a  diphtheria  patient. 
The  relation  of glycosuria to  albuminuria  is  shown in  Table III, 
which gives the number of cases in which the reaction for sugar was 
absent, the number in which it was obtained and the percentages. 
TABLE  III.--RELxrrION  OF  GLYCOSURIA TO  ALBIIlgINURI£. 
Albumin.  No  sugar.  Sugar.  Percentage, 
None  .....................  58  0  0 
Slight  trace ...............  139  16  10 
Distinct  trace  .............  25  11  31 
0.125 per  cent  or more  .....  2  8  80 142  Glycosuria  in  Diphtheria 
These results confirm the observation of Binet that the glycosuria of 
diphtheria is usually associated with albuminuria, without there being 
necessarily any definite relation between them,  and also  that sugar is 
oftener present in the severer eases  of albuminuria. 
Some additional obselwations on scarlet fever both  with and with- 
out diphtheria were  made by }Ir.  C.  ~i.  Dean,  the  clinical clerk in 
the scarlet fever wards, who made 920  Fehling's tests in 1~9  cases of 
scarlet  fever.  Of  93  patients,  in  whom  no  diphtheria  bacilli  were 
found,  16  gave  positive  reaction  once.  One  of  these  patients  was 
pregnant,  and therefore this case should be eliminated, as the rednc- 
tion  was  probably  due  to  lactose,  the  phenylhydrazin  test  giving 
phenyllactosazon crystals.  This  makes  the  positive  reactions  about 
16  per cent.  4  patients had such suspicions looking membranes that 
they received  antitoxin,  and  the  urine  of 3  of these  gave  a  yellow 
reaction.  Of 36  cases of scarlet fever with positive cultures of diph- 
theria bacilli from the .nose or throat, 11  or about 30 per cent gave a 
positive  reaction.  In  the  last  series  of  37  cases,  17  received  anti- 
toxin  and  6  of these showed a  reduction of the  copper,  which gives 
about the same percentage of reactions as in the cases which did not 
receive  antitoxin.  All  the  positive results  in scarlet fever  occurred 
only  once,  save  in  3  cases  which  also  had  diphtheria.  In  one  the 
reaction appeared on two occasions  with an interval between them of 
22  days.  In  the  other  case  it  was found on  three suceessive  cxnm- 
inations during a period of 10 days.  In the third, a fatal case, it was 
present in the last two days of life.  It is  to  be  regretted that these 
reactions were not confirmed by the pnenylhydrazin test. 
In  the scarlet  fever  patients  who  also  had  diphtheria bacilli,  the 
percentage of positive reactions was about twice that found in scarlet 
fever alone.  This observation would seem to indicate that the  exist- 
ence of diptheria is  a  causal  factor in  the production o~  a  reducing 
agent in the urine. 
Eliminating'  the  case  of  lactosuria,  there  were  21  scarlet  fever 
patients who received antitoxin, and 107  who did not, with 9 positive 
reactions  or  43  per  cent in  the  former,  and  17  reactions  or  16  per 
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half times more frequent in those patients who received antitoxin than 
in those who did not.  From this it would appear that the administra- 
tion of antitoxin eontribnted to the formation of a  substance in the 
urine which reduces the copper in Fehling's solution. 
9  eases  of measles were examined several  times  by Fehling's test, 
each  with "negative results,  save  in  one  instance, a  patient who was 
nursing a  child.  The reduction here was doubtless due t~ lactose, as 
no reaction was obtained with the phenylhydrazin test. 
In  sixty-eight eases  of tonsillitis the  urine  was  examined  on  one 
or  more  occasions.  A  positive  result  was  obtained  only  onee,  but 
unfortunately in  this  instant%  no  eont~rmatory phenylhydrazin test 
was made. 
As almost every diphtheria patient received more or less antitoxin 
the question arose, Was this method of treatment responsible for the 
transitory glycosuria  found  in  our  patients?  In  order  to  clear  up 
this point the urine of 20  patients who had false membrane and the 
Klebs-Loeffler bacillus was examined prior to the serum injection with 
the following results: 
Fehling's  test.--15 cases  negative; 1  m'ine gave a slight reduction 
in 24 hours;  3 cases gave a good reduction in 24 hours. 
Phenylhydrazin  test.--lO cases  bad no crystals; 6  cases had a few 
osazon  crystals; 4  cases had many crystals. 
The percentage of positive Fehling's reactions in these few cases is 
about the same as in Series I, while the positive results with the more 
delicate tests, as was to be expected, are more fre~luent than in Series 
II.  These results warrant the conclusion that the antitoxin treatment 
cannot be considered as the full explanation of this symptom in diph- 
theria. 
To decide whether diphtheria antitoxin injected into patients may 
produce a glycosuria 10 individuals were given antitoxin in whom the 
two tests for glucose had  proved negative before  the  injection,  and 
the urine was examined afterward.  The results of these observations 
are given below in  detail: 
No.  I.  Male  19  years  old.  Admitted Dec.  30  with  tonsillitis.  At 
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11  P.  ~I.  given  20  co.  antitoxin.  Examinations  at  ~  and  9  A.  M.  the 
following  morning  were  negative  by  Fehling's,  but  there  were  a  few 
doubtful  sheaf-like  crystals by the  latter  test.  Dec.  31,  at  9.30  A.  M., 
given  20  ce.  antitoxin.  At ~  P.  M.  and  I  A. M., Jan.  1, Fehling's test 
was  negative.  At  9  A.  M.  a  very few  doubtful  osazon  crystals.  Same 
found  on Jan.  2.  The results of this  experiment  are  called  negative as 
the  crystals were so few and  of a  questionable  nature. 
No.  1[.  Male  22  years  old.  Admitted  Nov.  5  with  a.  severe  diph- 
theria of throat; given first day 20  cc. antitoxin;  the urine next morning 
was  positive  to  Fehling's  test.  From  the  second  to  the  fourth  day 
received  55  cc.  more  antitoxin.  On  the  fifth  day  both  Fehling's  and 
the  phenylhydrazin  tests were  positive.  On  the  eighth day  both  were 
negative.  During  the  following  month  had  eight  negative  results  by 
Fehling's  test.  On  Dec.  16  was  given  20  ce.  antitoxin;  the urine  was 
examined every 12 hours for the next 5 days, then once a  day for 5 days 
by both tests, with negative result. 
No.  HI.  Boy, 13  years, admitted Nov.  18  with  tonsillar  diphtheria. 
He received 60 ec. antitoxin during the first two days.  Six examinations 
with  Fehling's  solution  were  made  in  the  first  4  weeks  with  negative 
result.  Dec.  20  phenylhydrazin  test  negative.  Given  20  ee.  antitoxin 
on  this  date.  The  examination  by  Fehling  and  the  phenylhydrazin 
tests were negative  on the two days following. 
.No. IV.  Girl, 10 years, admitted Nov. 15  with diphtheritic  tonsillitis, 
so  mild  that  antitoxin  was  not  given.  Four  examinations  in  3  weeks, 
by  Fehling's  test,  were  negative.  On  Dec.  28  given  20  ec.  antitoxin. 
The  phenylhydrazin  test  just  before  antitoxin  was  given  was  negative, 
but  six hours  afterwards  positive; there were nmnerous typical  crystals. 
The  next  three  da3:s many  crystals  of  osazon  appeared,  and  after  that 
for a week only a very few or none were seen.  Fehling's tests were nega- 
tive, with possibly one doubtful reaction on ,Jan.  5. 
No.  V.  Girl,  7 years,  admitted  Oct.  30  with  a  mild  attack of diph- 
theria;  was  given no  antitoxin.  On  Nov.  3  Fehling's  and  the  phenyl- 
hydrazin  tests were both  positive.  From Nov.  6  to  Dec.  28  there were 
8  negative  copper  tests  and  on  the  last  date  there  were  no  osazon 
crystals.  On Dec. 28 were given 20  ec. antitoxin.  The following morn- 
ing there was a slight greenish-yellow discoloration of the Fehling's soh- 
±ion and numerous phenylglueosazon crystals were  seen.  The following 
12  examinations  by  Fehling's  test  were  all  negative  save  one  doubtful 
one.  The phenylhydrazin test was positive for the next 6 analyses, then 
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No. VI.  Girl, 7 years.  Admitted Dec. 7 with slight nasal diphtheria; 
received  no  antitoxin.  On  the next clay had an immediate reaction to 
Fehling's test, followed by five negative results during  the next week. 
Dec. 18 given 10 cc. antitoxin.  At that time and the next day the urine 
was negative to both the Fehling's and phenylhydrazin tests, but on the 
following day it was positive  in the morning and evening to the phenyl- 
hydrazin test and afterwards negative.  Fehling's tests were all negative. 
No.  VII.  Girl,  7  years,  admitted  with  a  mild  attack  of  scarlet 
fever on Dec. 27.  Urine examined daily from Jan. 13 to 19.  ~egative 
by both tests.  On the last date given 20 cc. antitoxin.  Analyses twice 
a day for two days, then daily for five days with negative results. 
No. VIII.  Boy, 6 years, taken ill with scarlet fever Dec. 15.  Similar 
tests were made, on the same  date, as in No. VII.  The morning after 
the antitoxin injection Fehling's test was positive and there were many 
phenylglucosazon crystals seen.  There was a slight reaction that even- 
ing, afterwards negative. 
No. IX.  Girl, 9 years old, admitted with scarlet fever, Dec. 29.  Ex- 
periment same  as in No.  VII.  Results negative. 
No.  X.  Boy, 7 years old,  admitted Dec.  18  with  scarlet fever.  In 
this case, as in ~o. VII, Fehling's tests were positive,  but with phenyl- 
hydrazin the results were negative. 
A  summary of the results of these experiments by the two tests are: 
Case No.  Fehling't~.  Phenylhydrazln. 
I.  Negative.  Negative. 
II.  Negative.  Negative. 
IIl.  Negative.  Negative. 
IV.  Negative.  Positive. 
V.  Doubtful.  Positive. 
VI.  Negative.  Positive. 
VII.  Negative.  Negative. 
VIII.  Positive.  Positive. 
IX.  Negative.  Negative. 
X.  Positive.  Negative. 
Fehling's  test  was  twice  positive  and  the  phenylhydrazin four 
times.  Thus  it  would  appear  that  antitoxin injections  produce  at 
times a glycosuria, but that usually it is so slight that it is shown only 
by the  most delicate tests;  on  the ether hand  sugar  is  occasionally 
present in a sufficient quantity (0.05 per cent at least) to reduce Fehl- 
ing's  solution.  This  agrees  with  what  was noted  in  regard  to  the 
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scarlet fever patients ~'ho received antitoxin (pp. 142-3).  It  should  be 
added  that this  giycosuria  lasts  only for  a  few days and  should  not 
be  considered  as  an  argument  against  the  use  of  antitoxin.  The 
significance  era  transitory  glycosuria  after  antitoxin  would  appear 
to be about the  same  as  that  belonging  to  the  alimentary  glycosuria 
which may occur after the ingestion of certain foods or drugs,  or after 
drinking  beer,  as Krehl* has recently shown. 
Binet t  gives  as  the  cause  of  the  glycosuHa  in  diphtheria  an 
"asphyxie  toxique,"  due  for  the  most  part  to  a  simple  mechanical 
Obstruction  of the  respiratory  passages.  Von  Bager$  reports  an  in- 
stance  of  glycosuria  in  a  patient  troubled  with  a  nasal  obstruction 
which  disappeared  after  an  operation.  Tyson§  says:  "Embarrassed 
respiration,  whether due to strangulation  or inhalation  of irrespirable 
gases is capable of producing glycosuria in dogs and rabbits, although 
the  symptom  has  rarely  been  shown  in  those  conditions  in  human 
subjects."  Of 19  cases of intubation,  that is, of patients with severe 
laryngeal  obstruction, fourteen,  or 73 per cent, had glycosuria.  This 
result would make somewhat plausible the supposition that diminished 
oxidation  in  consequence  of  the  greater  or  less  interference  with 
respiration  has a  causal connection with the g]ycosuria of diphtheria. 
It seems to us, however, reasonable to attribute this symptom in diph- 
theria to the action of the toxins of the Klebs-Loeffier bacillus.  Inter- 
ference with  respiration  may  be an  occasional  cause,  but it will  not 
account for those cases in which there is no trouble with the breathing. 
Inasmuch  as irritation  of the vagus nerve and  various  lesions of the 
nervous  system may be followed by glycosuria,  and  as degenerative 
changes  in  the  peripheral  and  central  nervous  system  are  found  in 
most cases of diphtheria,  it is possible that these changes in the nervous 
system in  diphtheria  may cause glycosuria.  Or  it  may be that  the 
diphtheria  toxins may act as phloridzinl[  does in producing glucose in 
the urine. 
*  CentralbL  f. in n~  Med., 1897, No. 40. 
t Loc. cir., p. 87. 
Gen.tralbl. f. d. Kra~kheiten  d. ttarr~- u.  Sexual-Organe,  vi, 61. 
§ A treatise on Bright's disease and  diabetes,  p. 239, Philadelphia,  1881. 
II Lectures  on  certain  aspects  of diabetes,  by T.  B.  Futcher  in  the New 
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CONCLUSIONS. 
(1)  There is  a  transitory  glyeosuria  in diphtheria,  which is found 
frequently in the severe cases and is usually present in the fatal  ones. 
(2) This glycosuria is often associated with albuminuria. 
(3)  Injections of diphtheria antitoxin are  occasionally followed for 
a  few days by a slight glycosuria. 